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Abstract. The Anerican M ning Congress (AMC) and the U. S. Bureau of M nes
(BOM have fornmed a col |l aborative research teamto devel op, inplenent and
eval uate a conprehensive control strategy to reduce diesel particulate matter
(DPM concentrations w thout degrading other air quality paranmeters. The
project is being conducted at two underground noncoal m nes operated by the
American Snelting and Refining Conpany (ASARCO). Qher participating
organi zations include Caterpillar, Inc., the Mne Safety and Health
Admi ni stration (MSHA) and the University of Mnnesota (UMN). After extensive
baseline information and air quality data are coll ected, available control
strategies to reduce DPM exposures will be inplenented individually or in
conbi nati on and eval uated. This paper describes the objectives and protoco
of the collaborative effort to evaluate diesel particulate control technol ogy.
Introduction

A m ner working underground where di esel engines are used is exposed to
a wide variety of highly variabl e exhaust pollutants. These include noxious
gases such as carbon nonoxi de (CO), carbon dioxide (CG), nitric oxide (NO,
ni trogen dioxide (NOQ), and sulfur dioxide (SG), hundreds of different
hydrocarbons (HC s), and DPM The National Institute for Cccupational Safety
and Health (NICSH) (1)! and the International Agency for Research on Cancer
(2) (1ARC) have respectively declared whol e di esel exhaust to be "potentially"
or "probably" carcinogenic.

The U S. Mne Safety and Heal th Admi nistration (MSHA) regul ates sone
di esel exhaust pollutants such as CO CO, NO NO, and SO, and has proposed
revised air quality standards for these and other contam nants (3). MSHA al so
certifies and approves di esel engines and has proposed new regulations in this
area (4). 1In 1988, an MSHA Diesel Advisory Conmittee published their findings
and recommendati ons (5) on standards and regul ati ons for diesel-powered
equi prent i n underground coal mnes. Anpong the many recommendati ons was t hat
the Secretary of Labor set in notion a mechani smwhereby an appropri ate DPM
standard coul d be set and MSHA published an advance notice of proposed
rul emaking for DPMin 1992 (6).

It is clear that m nes using diesel equipnment will be inpacted by
pendi ng and future MSHA regul ations and that DPMis the primary pollutant of

interest. 1In 1993, AMC approached the BOMwith several ideas for a joint
di esel research project. AMC organized several neetings, which included
representatives fromindustry, government and academia. Initially the

di scussion centered around the eval uation of aerosol instruments and

anal ytical methods for neasuring DPM concentrations underground. However, a
consensus was reached to expand the scope of research with a goal to
systematically evaluate control strategies to reduce diesel enm ssions, to

Ytalicized nunbers in parentheses refer to itens in the |ist of
ref erences.



determ ne how nuch inprovenment in air quality is obtainable, at what cost.
The primary objective is to devel op, inplenment and eval uate a conprehensive
control strategy to reduce diesel particulate matter (DPM concentrations at
an under ground noncoal mne with a secondary objective to conpare aeroso
sanmpling and anal ytical nethods for DPM The shift in focus is attributed to
the I arge anpbunt of information already available on the different sanpling
and anal yti cal nethodol ogies for DPM and the [ ack of information on in-nine
eval uations of diesel em ssion control strategies. Potential control
strategi es include: inproved diesel engine maintenance, optimzed m ne
ventil ation, nodification of operator work practices, inprovenment of fue
quality, use of personnel protective devices, use of nodern exhaust
aftertreatment devi ces, use of nodern engi ne technol ogy, and conbi nati ons of
these strategies. The objective of this paper is to describe the objectives
and protocol of the collaborative effort to evaluate DPM control technol ogy.
Project Organization

The BOM agreed to provide the technical |eadership, coordination and
direction for this project. The large scale and conplexity of the project
were imredi ately recogni zed, and the Bureau and AMC agreed to seek technical
expertise fromother organizations to ensure the project's success and the
acceptance of the results. Wth this in mnd, AMC forned an ad hoc technica
advisory commttee to assist the BOMin the planning and revi ew process. AM
encour aged nmenber conpanies to voluntarily participate. Caterpillar, Inc.
Deut z, and Racal, agreed to provide technical expertise and equi pnent, and a
nunber of other conpanies are contributing human resources to help carry out
the field research. AMC also agreed to contri bute $100,000 to offset sone of
the project's costs, especially costs incurred by the participating mnes.

The Bureau and AMC al so asked MSHA and the UMN to participate in the
project. NMSHA brings unique capabilities to the project. These include
techni cal expertise in aerosol sanpling, ventilation and di esel engine
certification and approval, as well as additional hardware and human
resources. The UW is contributing technical expertise in aerosol nonitoring
wi th special enphasis on the in-use evaluation of personnel protective devices
such as Racal airstreamhelnets. The UW is receiving support froma grant
fromthe Generic Mneral Technol ogy Center for Respirable Dust and through a
contract with the AMC
Mine Selection

Three potential mnes were screened to determine their suitability to
host the collaborative study. These mnes included a salt mne, a zinc mne
and a trona mne. Criteria for participation included: (1) a highback room
and pillar, dieselized, noncoal nmine, (2) DPM concentrations around 1.0 ng/n?®
or higher, (3) neasurable ventilation airflow, (4) and a conmtnment fromthe
m ne's managenent to fully support the objectives of the project. Each mne
was visited at |least once. During these visits the project was overvi ewed for
m ne managenment, the m ne was toured, ventilation nmeasurenents were made and a
limted nunber of aerosol sanples were collected to determ ne DPM and
respirabl e dust concentrations. Sanples for NO and NO, were al so collected at
some or the mnes, and MSHA provi ded detailed ventilati on and DPM data derived
fromprevious field surveys whenever possible. Based on the initial screening
the salt mne was chosen as the host mne. Shortly thereafter a catastrophic
geol ogi cal event occurred, which caused the mne to be flooded with water, and
the mne was forced to withdraw fromthe project.

Three additi onal mnes were screened; another salt mne and two
| ead/ zinc mines. Both |ead/zinc mnes were selected as test mnes. The
m nes, West Fork and Sweetwater, are |ocated near Viburnum M ssouri, and are
operated by ASARCO. A formal agreenent, outlining the proposed work and
proj ect guidelines, was signed by AMC, the BOM and ASARCO




The maj or objectives are to devel op, inplenent, and evaluate a
conprehensi ve industrial hygiene plan for to reduce DPM concentrations, and to
eval uate DPM aerosol sanpling and anal ytical methods. This research is being
conducted at the West Fork mine. The objective of the Sweetwater m ne study
is to evaluate the effect of a new ventilation shaft on DPM exposure before
and after the shaft beconmes operational. The investigators felt this was a
uni que research opportunity that fell within the scope of the overall project
goal s, and that would not require a |l arge commitnent of additional resources.
Mine Description

The ASARCO West Fork and Sweetwater mines are |ocated on the
sout heastern edge of the Ozark Mountai ns near Viburnum MO The principa
economc mnerals are galena (lead sulfide) and sphalerite (zinc sulfide).

The sphalerite al so contains sone silver. Both nmines use the roomand pillar
met hod of m ning and produce an estinated conbi ned tonnage of 124,000 nt of
| ead, 20,000 nt of zinc and 9,950 kg of silver, all contained in concentrates.

At West Fork blasted rock and ore is mucked by 5.35 nt front-end | oaders
into 32 mt haul trucks for transport to a 181 nt capacity truck dunp, a
vertical chute cut out of rock. The fractured rock is gravity fed onto
conveyor belt and carried to a crusher. The crushed rock is hoisted to the
surface and deposited in an ore storage bin.

At Sweetwater broken ore and rock are nmucked by 9 nt capacity | oad-haul -
dunp units which transport the material to centrally located raises, or by 7.2
n front-end | oaders into 32 nt haul trucks for transport to the raises if the
haul distance is too long. Broken ore passes down the raises into 10 - 16 nt
railcars pulled by a diesel |oconotive. The railcars dunp their loads into a
crusher, and the crushed ore drops to a skip pocket where it is | oaded on
skips for hoisting to the surface and storage in a coarse ore bin.

Phase 1 Experimental Protocol

The project is divided into phases and only the phase 1 experinenta
protocol will be discussed in detail. Planning for the subsequent phases is
very much dependant upon the information and data gather during phase 1
Most of the discussion will be devoted to those portions of the study being
conducted at the West Fork mnmine. The West Fork mine protocol is divided into
the followi ng sections; diesel fleet description, diesel engine maintenance
eval uation, ventilation survey, aerosol sanpler and anal ytical method
conpari son, baseline air quality survey, and personal protective equi pment
eval uation. Each section is described briefly below This is followed by a
short description of the Sweetwater mne protocol
Diesel Fleet Description

The diesel fleet accounts for a large portion of a mne's operating cost
and efficient use is required to maxim ze production while mnimzing costs.
The objective of the diesel fleet description is to obtain and anal yze
i nformati on about the fleet, its operation, and operator work practices so
practical recommendati ons can be made that may reduce pollutant levels in the
m ne w thout adversely inpacting production or safety. These recomendati ons,
i ndividually, may not greatly inpact pollutant l[evels, but in conbination with
ot her recomendati ons, could provide a measurabl e reduction. The description

will include a detailed inventory of all diesel equipnment and a tinme and
nmoti on study of the heavy-duty production vehicles to eval uate operator work
practi ces.

The diesel inventory will include descriptive information about each

pi ece of equi pnment, such as equi pnent type, schedul ed availability, engine
type, age, general l|ocation and use patterns. The tine and notion study will
record the mucking activities of the production vehicles in the test sections.
The mucking cycle will be broken into the various el enents that nmake-up the
job. The tine needed to conplete each element will be recorded as will
producti on tonnage. By studying each el enent, areas of inprovenent can be



identified and changes nade to nmaxim ze production and m nim ze exhaust
emi ssi ons.

Two trucks and two front-end | oaders will be equi pped with a datal ogger
during their normal operation. The datal ogger will map the engi nes speed,
engi ne exhaust tenperature, boost pressure, and engine fuel punp rack position
during production mning cycles. This will provide information to define the
duty cycles of the production vehicles.

Diesel Engine Maintenance Evaluation

Di esel exhaust pollutant concentrations underground are dependant upon
the quantity of ventilation air and the exhaust em ssion rates. |nadequate
mai nt enance, inproper adjustnents, wear, and other factors will cause changes
in diesel exhaust em ssion rates. For exanple, it has been shown that on an
engine with approximately 12.5 kPa (50 in HO intake restriction and 20
percent overfueling, DPM enissions can increase by 1038 percent and CO by 445
percent (7). Proper maintenance including periodic repairs and adjustnents,
det ai | ed mai nt enance schedul es and accurate records, and proper procedures are
an inportant part of a mne's overall strategy for reducing worker's exposure
to diesel em ssions. A good nai ntenance program can prolong or restore near-
original performance of an engine and naxim ze vehicle productivity and engi ne
life while keeping exhaust em ssions at acceptable |evels.

The objective of the diesel engine maintenance evaluation is to exam ne
the West Fork mine's current maintenance practices, determ ne the state of
engi ne mai nt enance of the production vehicles currently in-use, nake
recomendati ons to i nprove engi ne em ssions, and inplenent cost-effective
i nprovenents. The current mai ntenance procedures used at the mine will be
conpared to those reconmended by the engi ne manufacturer for the production
vehicles. This will involve evaluation of the maintenance schedul e, paper
trail for record control, and review of the maintenance procedures. Diese
fuel and used engine oil will be analyzed to determ ne fuel quality and to
determ ne netal content in the oil. Excess netal content in the |ubrication
oil is an indication of accelerated component wear. Production vehicle
engines will be inspected to determ ne conponent settings and fuel system
condition. An authorized representative of the engine manufacturer will check
and repair if necessary the foll ow ng:

1. Engine specifications including; injection timng, injector nozzle
crack pressure, nozzle |l eak down and spray quality, valve lash, air fue
l[imter setpoint, fuel punp calibration setting for horsepower (rack setting),
hi gh idl e speed check, intake vacuum check, exhaust backpressure check, and
oi | pressure.

2. The injection nozzles, fuel punp, governor, cylinder head and
turbocharger part nunbers including will be recorded as well as any non-
ori gi nal equi prent manufacturer parts.

3. The cooling systemw || be inspected for cracks in the radiator
pl uggi ng of the radiator, radiator core damage and thernostat operation

Based on results fromthe engine inspection and results of the post
i nspection em ssion testing described bel ow, the engine with the highest DPM
em ssions will be selected and torn down. Results of the teardown inspection
will help determ ne the causes for the higher em ssions. The teardown wll
docunent the condition of the followi ng additional itenms, which will be
repl aced if necessary: piston, piston rings, liners, intake and exhaust
val ves, cylinder head, canshaft and aftercool er core.

Limted tail pipe em ssions testing will be conducted on engines used in
t he production equi prent. These data will establish baseline DPM em ssions
and identify engines with excessive em ssions. These neasurenments will be
t aken under torque converter stall conditions before and after the inspections
descri bed above. A minimmof three repeats of each test will be taken for




each production vehicle. DPMw Il be neasured using a nodel BG 1 micro-
dilution test stand.
Ventilation Survey

The primary means of reduci ng exposure to diesel exhaust pollutants is
through dilution by the mne ventilation system The concentration of
pollutants is indirectly proportional to changes in ventilation airflow, that
is, as the airflow increases the pollutant concentrati ons decrease. The rule-
of -thunmb for ventilation systemairflow requirenments where di esel engines are
operated is between 3.8 and 7.6 n¥/ kW (100 and 200 ft3% bhp). Recent
experi ence has shown that this airflow will maintain DPM I evel s at
approximately 1.0 to 1.5 ng/n? (8).

The objective of the ventilation survey is to describe and eval uate the
exi sting ventilation systemfor the mne and provide a nodel suitable for
conputer simulations to eval uate changes that could enhance the performance of
the ventilation system The systemw || be described in ternms of airflow
distribution and ventilating pressures. A description of the nmne ventilation
systemw || allow the investigators to:

1.) Evaluate and select fixed point nonitoring sites for the air quality
tests where airflow determ nations can be made; 2.) determne if changes in
the ventilation system such as reduced | eakage or increased fan capacity can
significantly inprove the ventilation system and 3.) determ ne the
feasibility of redesigning the ventilation systemto incorporate concepts such
as parallel air splits or additional air shafts.

Four types of data will be collected throughout the nine

1.) Airflow neasurenents will be taken using vane anenoneters, snoke
tubes and neasuring tapes. Brattice lines will be exam ned to determ ne
poi nts of excessive air |eakage.

2.) Ventilation pressure neasurenents will be nmade at points with know
el evati ons usi ng Magnehel i c water gages.

3.) Fan neasurenents will be nmade to determine the operating point of
main mne fans. These neasurenment will require the use of a Pitot-static tube
and Magnehelic water gage; a vane anenoneter; and volt and anp neters.

4.) The evaluation of ventilation in the production sections wll
consi st of a review of fan and tubing position and if possible the
determ nation of airflow patterns. Snoke tubes and possibly a tracer gas will
be used to make this evaluation. The position and operation of auxiliary fans
and tubing systens will also be checked and recomendations to optim ze fans
position will be made if required.

Upon conpletion of the ventilation survey data will be analyzed and
recommendations will be nmade to optim ze the mne's ventilation system
Aerosol Sampler/Analytical Method Comparison

Questions still remain concerning the interpretation of the various
di esel aerosol neasurenent techni ques which are described in detail el sewhere
(9). The in-nmine conparison will permt proper interpretation of aeroso
results. In addition, the mne atnospheres at the West Fork and Sweetwater
m nes are affected by fogging during the spring and sumer nonths. The
conparison tests will determined if fogging affects the performance and
i nterpretation of aerosol data.

A test chanber containing thirty sanple ports will be used to conduct
these tests. The sanple chanber inlet is equipped with two cycl ones that
mat ch the American Conference of Governnental Industrial Hygienists respirable
dust criteria, at airflows of 25 to 30 L/mn. A DPMsanpling device and a
sanmpling punp will be connected to each of the sanple ports. For these tests,
sanmpl e punps will be calibrated and operated at either 1.0 or 1.7 L/ mn. The
sanmpling devices will include size selective inpactors devel oped by MsSHA and
t he Bureau, the respirable conbustible dust (RCD) techni que devel oped in
Canada and the el emental carbon approach under devel opnent by the Nationa




Institute for QOccupational Safety and Health (NIOSH). These aeroso
nmeasur enent techni ques and anal yti cal methods are described in detai
el sewhere (9).

At a flowrate of 1.7 L/mn, the size selective sanplers would have a
cut point of 0.9 um G oups of 10 sanples were chosen so that a difference
bet ween sanplers of 0.1 ng/n? would be statistically different at an a priori
coefficient of variation of 5 pct. Seven to 10 sanpling days will be
required. This nunber is based on a t-test of the difference between two
means requiring a 95 pct certainty.

Si ze selective and respirable conmbustible dust (RCD) sanmples will be
anal yzed gravinetrically, with pre- and post weighing to 0.001 ng. El enenta
carbon sanples will be analyzed using the nmethod devel oped at Sunset
Laboratories for NNOSH A 1.0 L/mn flowrate will be used for a portion of
the el emental carbon neasurenments to permit a |l onger sanpling tinme. A series
of 7 tests will be conducted using the dust chanber. For each test, 10 of
three different sanpling devices will be attached to the chanber. The
sanmpling chanber will be located at a fixed site nonitoring locations in the
production area. The sanpling tine will be varied to obtain various nass
| oadi ngs on the sanplers. For high |oading the sanplers will operate for nost
of the shift. For |ow mass |oadings the sanplers will operate for
approximately 1 to 3 hrs depending on the anbi ent dust concentration. Prior
to the test, sanpling punps will be calibrated to the desired flow rate using
the resi stance of appropriate sanpling device.

Baseline Air Quality Survey

The baseline air quality survey will establish CO CO, NO NO and DPM
aerosol concentrations before control strategies are inplenmented. Simlar
nmeasurenents will be collected after each control or conbination of controls
is put into place.. The difference between the two sets of neasurenents is a
measure of the effectiveness of the control strategy. Data will be normalized
to account for differences in ventilation, production and fuel usage. The
baseline air quality survey has the follow ng objectives.

1.) Measure the flux of aerosol generated on the working sections,

2.) Measure the exposure of the LHD operator to diesel aerosol, and

3.) Measure the concentration of CO CO, NO and NO, in the production areas
to characterize air quality.

Aerosol generated on the working section will be determ ned by
measur enent of the flux (F) of aerosol renoved fromthe section by the
ventilation. This is determ ned fromthe neasured intake corrected DPM
aerosol concentration (C) neasured in the air exhausted fromthe section and
the quantity of exhaust air (Q by:

F=CQ

This assunes that Cis constant for all air exiting the section and Q can be
accurately determned. The accuracy with which C and Q can be neasured
determ nes the resolution with which changes in F can be deterni ned and
consequently the efficiency of a control

If Cis not constant, then aerosol stratification exists in the exhaust
air, F nust be determ ned by:

F:L CQ;

Here, G and Q are the intake corrected DPM aerosol concentration and air
quantity for a portion of the exhaust fromthe section. The distribution of



both of these quantities nust be determ ned during the air quality
nmeasurenents. The existence or absence of aerosol stratification will be
determ ned prior to the baseline study so that appropriate nodifications can
be made to the final sanpling protocol

Exposure assessnents of the vehicul ar operators will involve nmeasurenent
of DPM aerosol near the breathing zone of the LHD operator. This will be done
using size selective and RCD neasurenent techniques and will not involve
stratification considerations.

The baseline air quality survey will be conducted during a period when
the mne is performng normal mning operations. Sanpling for DPM CO CO,
NO and NO, will be conducted simultaneously at multiple [ocations. These
| ocations include fixed sites upwi nd and downw nd of the production equi pment
and on the production equipnent. The fixed site sanples will be used to
measure the anmpunt of aerosol produced in the operating sections as aeroso
flux and the equi pment nonitors will assess exposure. |If aeroso
stratification exists, then an additional array of sanplers at the downw nd
| ocations will be required to map the stratification. Aerosol sanples will be
col l ected using size selective, RCD and el enental carbon nmethods. Details on
t hese nethods are found el sewhere (9).

Personal Protective Equipment (PPE) Evaluation

The purpose of the PPE evaluation is to determ ne the protection factor
associated with the use of the Racal Dust and M st air purifying hel met
system Mdel AH21, under in-use conditions at the mne. Specifically,
ai rstream hel mets, worn by | oad-haul -dunp (LHD) operators will be evaluated to
determ ne their application for protecting workers from exposure to DPM
Particle concentrations inside and outside of helnmet will be nmeasured to
determ ne the level of respiratory protection afforded to the worker.

Particle sanmpling probes and size-classifying sanplers will be used to
determ ne the particle concentration in specific size ranges.

The instrunentati on package will consist of a sanpler to size-classify
and col l ect respirable-size particles. Each sanpler will consist of three
stages; a 10 pum cutpoint inpactor, a 0.8 virtual inpactor and an afterfilter
The sanpling inlet will be a nodification of an inlet previously devel oped at
the UW for use in a NICSH funded "powered air-purifying respirator” project
(10). The sanpled particles will be collected in two size ranges for
subsequent gravinetric analysis. These size ranges are fromO to 0.8 pum and
0.8 to 10 pum Two identical sanplers will be used with each respirator. One
will sanple particles inside the respirator near the breathing zone, and
another, located imedi ately outside the respirator, will nmeasure the mne air
particle concentration. The air sanpling flowrate will be 4 to 5 L/mn,
rather than the nore conmmonly used 2 L/nmin, in order to increase the quantity
of particles sanpled inside the respirator and decrease uncertainty in the
gravimetric analysis. The uncertainty in the gravinetric analysis is 0.015
ng. One personal sanpler punp will be required for each sanpler.

To determine the variability anpobng respirators and workers, siXx
identical air streamhelnmets will be evaluated sinultaneously. Helnmets will
be worn by the 4 production vehicul ar operators and by 2 research personne
stationed at stationary sanpling which is anticipated to have the highest
aerosol concentrations. This will require 12 particle sanmplers and 12
personal sanpler punps. A total of ten tests will be conducted with each
respirator. The field sanpling will be conducted during one shift/day over a
10-day period. Project personnel will coordinate the use of the respirators
with the m ne enpl oyees, performfit testing prior to study and nonitor the
equi prent during the work shift to ensure correct operation
Sweetwater Mine Protocol

In August, 1994 the Sweetwater mne finished sinking a new ventilation
shaft. This shaft serves the south part of the mine and increased ventilation




air quantities by about 5,660 n¥/ mn (200,000 ft3 nmn). Prior to the
conpl etion of the shaft, two days of sampling were conducted at the mne to
determ ne DPM concentrations. Forty-two RCD sanples were collected at six
| ocations. These included three stationary sites (upwi nd of the production
vehicles in the intake airway, downw nd of the production vehicles and in the
return airway) and three nobile | ocations (two trucks and on a front-end
| oader). In addition to the aerosol neasurenents information was collected on
producti on tonnage, ventilation airflow nucking cycle and vehicul ar use.
Results fromthis survey will be conpared to a simlar survey to be conducted
shortly after the ventilation shaft is conpletely operational to determ ne the
reduction in DPM concentrations and the exposure of production vehicul ar
operators to DPM This will conclude the research to be conducted at the
Sweet wat er mi ne.
Subsequent Phases

Dat a gathered during the phase 1 study at the West Fork mine will be
anal yzed and a detailed plan to reduce DPM exposure will be prepare during
phase 2. Potential control strategies include: inproved diesel engine
mai nt enance, optimzed mne ventilation, nodification of operator work
practices, inprovenent of fuel quality, use of personnel protective devices,
use of nodern exhaust aftertreatnment devices, use of nodern engi ne technol ogy,
and conbi nations of these strategies. The plan will be inplenented in
subsequent phases. One or two nore air quality surveys will be conducted to
determ ne the efficiency of the control strategies. Data will be nornalized
to account for differences in production, ventilation and fuel usage. In
general, the strategies will be inplenmented in order of sinplest or |east
costly to nmost conplex and nost costly. Data will be collected on the cost of
i npl enentation of the control strategies to determ ne cost efficiency. The
project is expected to | ast approximtely two years.

Summary

It is clear that m nes using diesel equipnment will be inpacted by
pendi ng and future MSHA di esel regulations and that DPMis the primry
pol I utant of interest. AMC approached the BOMw th several ideas for a joint
di esel research project and AMC and the BOM have formed a col |l aborative
research teamto devel op, inplenent and eval uate a conprehensive control
strategy to reduce diesel particulate matter (DPM concentrations w thout
degrading other air quality parameters. The project is being conducted at two
under ground noncoal m nes operated by the American Snelting and Refining
Conmpany (ASARCO) and involves participants from MSHA, Caterpillar, Inc, Racal
UW and ot her AMC nenber conpanies. After extensive baseline informtion and
air quality data are collected, available control strategies to reduce DPM
exposures will be inplemented individually or in conbination and eval uated.
Thi s paper has di scussed the objectives and protocol of the phase 1 portion of
the coll aborative effort to evaluate diesel particulate control technol ogy.

The phase 1 protocol to be inplenented at the West Fork mine is divided
into the follow ng sections; diesel fleet description, diesel engine
mai nt enance eval uation, ventilation survey, aerosol sanpler and anal ytica
nmet hod conparison, baseline air quality survey, and personal protective
equi prent eval uati on. A separate and smaller study of the inpact of a new
ventilation shaft on DPM at the Sweetwater m nes was di scussed. Upon
conpl etion of phase 1 all data will be analyzed and a plan to control DPM

exposure will be prepared and inplenented. Additional, in-nmne air quality
surveys will determne the efficiency and cost effectiveness of this control
strategy. It is hoped that this type of collaborative research project wll

become a nodel for future joint research ventures invol ving government,
i ndustry and acadenic participants.
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